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COMPARING ANTERIOR CRUCIATE LIGAMENT GRAFT CHOICE DURING 
  RECONSTRUCTIVE SURGERY: A LITERATURE REVIEW REVISITING 
THE QUADRICEP TENDON  
BRADLEY LOCKWOOD GREEN 
ABSTRACT 
ACL injuries are ubiquitous and the literature surrounding ACL 
reconstructions is complex and difficult to comprehend. In summary, this paper 
provides a simple yet coherent overview of ACL injuries. Etiology, prevention, 
and the consequences of injury are discussed. The paper examines literature 
surrounding the decision to reconstruct the anterior cruciate ligament. An 
overwhelming quantity of literature is in favor of an ACL reconstruction in order to 
maintain an active lifestyle. ACL surgery has advanced exponentially in recent 
years and there is a multitude of fixation and tunneling methods.  
 Graft choice for an ACL reconstruction is also complicated and 
multifactorial. In general, three types of grafts exist: autografts, allografts, and 
synthetic grafts. Autografts usually include the hamstring tendon (HT) and patella 
tendon (BTB), however, recent studies suggest the quadricep tendon (QT) may 
be a suitable graft. The BTB is often considered the “gold standard” due to its 
strength and stability. On the other hand, the HT is often used as it is less 
invasive and is associated with less antero-patellar knee pain. Common 
allografts include the patella tendon, Achilles tendon, and tibialis muscle group. 
Despite a higher cost, allografts are usually used in revision surgeries and leave 
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patients with less donor-site morbidity. Lastly, synthetic grafts are growing in 
popularity, especially the LARS procedure, however, more research is needed.  
Lastly, this paper attempts to consolidate literature surrounding the QT 
graft. Only one meta-analysis focusing on the QT has been published, however, 
the last meta-analysis is from three years ago and several new studies have 
been published since. The recent literature suggests the QT is a viable option in 
terms of stability and functional outcomes. Specifically, when comparing the QT 
to BTB and HT, the QT grades similarity in KT-1000 scores, a common measure 
of knee laxity and stability. Additionally, IKDC scores, frequently used to assess 
functionality, show positive results. More literature is needed to fully understand 
the QT; however, preliminary research indicates the QT can be an esteemed 
option in ACL reconstruction surgery.  
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INTRODUCTION 
ACL Anatomy and Function  
The anterior cruciate ligament, or better known as the ACL, helps connect 
the femur to the tibia. The ACL is one of four main knee ligaments (Medial 
collateral ligament, lateral collateral ligament, and posterior cruciate ligament) 
and is composed of two major fiber bundles, the anteromedial and the 
posterolateral bundle.1 Each bundle plays different roles and allows the ACL to 
help resist anterior translation and medial rotation of the Tibia, in relation to the 
Tibia.1 Image 1 shows the ACL and surrounding ligaments of the knee.  
 
Figure 1. Anatomy of the Knee. Anatomy of the knee including all major ligaments and 
bones. Taken from2 
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Etiology and Risk Factors  
Since ACL tears are frequent, it is important to look at the mechanisms of 
injury. ACL tears can occur in contact or non-contact settings. In a contact injury, 
the ACL is prone to tear if there is a valgus collapse, or inward caving of the 
knee. 2. On the other hand, non-contact injuries are far more common; In one 
well known study 72% of ACL tears occurred in a non-contact mechanism. 
During this type of injury, the ACL is susceptible to tearing during a movement 
that causes “deceleration prior to a change in motion”. 3 ACL tears are complex 
and several mechanisms for non-contact injuries have been proposed. For 
instance, Boden et al 4 examines video footage of competitive athletes to help 
determine causes of ACL tears. The authors postulate that landing with a foot in 
a flat or near flat position leads to more ACL tears than when an athlete lands on 
their fore-foot. 4 Landing flat-footed gives the calf muscles less time to contract, 
and in turn, the knee experiences more forces. Other researchers believe landing 
with the knee in a Valgus position leads to ACL tears. 5 Etiology data is 
subjective and difficult to obtain. For instance, defining injuries and measuring 
severity varies by study. Overall, the mechanism of injury is complicated and 
involves several forces, however, researchers agree that risk factors for ACL 
injuries generally fall into four categories; anatomical, hormonal, neuromuscular, 
and environmental.  
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Anatomical  
When discussing etiology, it is important to discuss biological differences. 
In general, women are two to eight times more susceptible to ACL injuries than 
men. 6 This disparity remains true in competitive athletes as well. One study 
found that National Collegiate Athletic Association (NCAA) female athletes were 
more likely to tear their ACL then NCAA male athletes. 57 The rationale behind 
this biological difference is difficult to understand, but researchers believe several 
anatomical differences between males and females contribute to the sex 
difference. For example, researchers argue that women have a wider pelvis, 
greater hamstring flexibility, and a smaller ligament, thus leaving them more 
susceptible to ACL tears. 6 In addition, other authors propose that increased joint 
laxity and foot pronation seen in females contribute to ACL injuries. 8 The 
anatomical differences are observable, however, to date, no one anatomical 
difference is directly associated with increased ACL injuries and ACL injuries are 
multifactorial.  
Hormonal  
Another risk factor of ACL injuries is related to hormones. Several studies 
have attempted to examine the relationship between hormones and ACL injuries. 
One particular study discovered a higher incidence of women tearing their ACL 
during the Ovulatory Phase of menstruation where large quantities of estrogen 
are present. 9  Estrogen and progesterone receptor sites have been found on the 
ACL, thus making studies worthwhile and intriguing. 8 Estrogen is known to relax 
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the soft tissue and decrease collagen production, thus potentially making tears 
more likely. 9 Overall, there is a potential association between sex hormones and 
ACL injuries.  
Neuromuscular 
 Besides anatomical and hormonal differences, several authors also 
believe biomechanical or neuromuscular differences contribute to the different 
rates of ACL tears in males and females. 10 For instance,  Hewett and Johnson106 
observe four specific neuromuscular differences; females are ligament dominant, 
quadricep dominant, leg dominant and trunk dominant. 10 Females are ligament 
dominant as they often un-intentionally let their ligaments absorb forces from the 
ground before their muscles activate. Females are also more likely to use their 
quadricep muscles instead of their hamstring muscles when stabilizing the knee 
joint. Third, leg dominance occurs when one leg becomes more dominant than 
the other. As a result of leg dominance, the weaker leg is subject to more injuries 
as it is compromised while the more dominant leg experiences increased force 
and stress. Lastly, trunk dominance leads to a less stable core and a knee more 
susceptible to injury. 10 Overall, women are more susceptible to ACL tears and 
the mechanism of injury is often multidimensional.  
Environmental  
Lastly, environmental issues are an important role in ACL risk factors. 
Simple elements such as the playing condition and shoe type are often under 
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looked, yet vital to understanding ACL tears. For example, ACL tears are more 
likely with a dry surface and some cleats create unnecessary torsional forces. 
One prospective study looked at over 3,000 high school football athletes and 
their cleats. Four different cleat types were found and one type, edge cleats, 
were associated with significantly higher ACL tears. Little things like cleat type 
are often an afterthought, however, they play an important role in ACL tears and 
understanding more about the environment has yielded important results. 11 
Consequences of ACL Tears 
There are several consequences of ACL tears including short term 
consequences, long term consequences, and a significant economic burden.  
Short term consequences of ACL tears 
 After an ACL injury, the immediate concern is related to knee stability. The 
healing process occurs rapidly and severe inflammation is common. As a result, 
some patients may be fairly immobile. After the initial inflammation process, 
weakness is still common and lots experience difficulty with pivoting, cutting, 
twisting, and quadricep weakness. 12 Furthermore, these symptoms often lead to 
decreased activity, and in active people, this is associated with a decrease in 
quality of life. 13 Lastly, there is a lack of literature discussing the psychological 
effects of an ACL injury. The road to recovery is usually at least six months long 
and can be grueling. Additionally, if surgery is decided upon, any surgery carries 
emotional stress. The short-term effects of ACL injuries are numerous.  
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Long-term consequences of ACL tears  
ACL injuries often result in several long-term effects including 
osteoarthritis (OA). During the mechanism of injury, there is usually significant 
forces and bone bruising, also known as a bone marrow lesions, is commonly 
found with the ACL tear. 14These bone marrow lesions are associated with 
chondrocyte death and changes in the chondrocyte metabolism, an important cell 
in functioning cartilage. 14 Furthermore, after ACL injury, the biomechanics and 
functionality of the knee change. As a result, additional loading and forces occur 
causing more lesions to develop. For example, one author discovered statistically 
significant differences between external/internal and abduction/adduction 
rotational motions in ACL reconstructed knees. 15 These rotational abnormalities 
have been shown to be predicators of OA and may be linked to quicker 
degeneration of the knee joint. 15 The figure below demonstrates (OA) rates from 
127 datasets. The figure shows “on average, 10 – 20 years post diagnosis of 
injury, 50% of patients have osteoarthritis and functional impairment” 14 New 
research about OA is being published daily.  
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Figure 2. ACL Ruptures and OA. Each data point represents a data set from 1 
of 127 individual publications. Symbols: • represents nonsurgical treatment; ▾ 
represents primary suture or enhancement; ▪ represents reconstruction by 
autograft; ♦ represents reconstruction by synthetic graft or allograft. Figure and 
text taken from 14 
 
Besides OA, other issues persist after ACL injury. For instance, knee 
instability is common and the likelihood of meniscal injury is increased. 
Additionally, difficulty with pivoting, twisting, and quadricep weakness may persist 
for years after initial injury.  
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Economic Burden  
ACL tears are common and are considered one of the most dreaded 
injuries in sports. Often, ACL tears are accompanied by surgery. For instance, 
the American Orthopedic Society for Sports Medicine estimates there are roughly 
350,000 ACL reconstruction surgeries each year. Also, ACL reconstruction is the 
6th most common procedure performed by orthopedic surgeons. 16 In a 
healthcare industry with rapidly increasing costs, these ACL surgeries account 
for a significant amount of money. In 2000, the estimated cost of an ACL surgery 
was $17,000. 6 As a result, the total annual cost of ACL reconstruction surgeries 
is over two billion U.S. Dollars. Furthermore, the above number only accounts for 
the cost of surgeries and does not include the six-month rehabilitation period. 
There is also significant emotional impact on patients undergoing these 
surgeries. 17 ACL reconstructions represent a large cost in healthcare, thus, are 
the subject of an amplitude of research.  
 
Prevention  
As more research uncovers the mechanism of ACL injuries, a shift to 
prevention strategies has occurred. The highest incidence rates of ACL tears 
occur in 14-18 years old females and in 19-25 year old males. 18 In these years, 
many youths are competing in high school and college athletics. Since Title IX, 
the number of woman competing in high school sports has grown dramatically. 10 
As mentioned above, women are more susceptible to ACL tears, thus, focusing 
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prevention strategies on high-school athletes (females in particular) appears 
critical.  
Prevention strategies separate into separate categories that focus on 
neuromuscular differences and proprioception. Several prevention strategies 
exist, however, some of the most successful focus on the neuromuscular 
differences mentioned above. One well known nonrandomized prospective study 
follows 52 female soccer teams in California and implements a Prevent Injury 
and Enhance Performance (PEP) program. 19 The intervention includes a training 
video that demonstrates proper stretching, strength training, plyometric and 
landing techniques. As a result of the study, the intervention was associated with 
an 88% decrease in female ACL injuries compared to the control group. 19 Similar 
studies have been conducted in men and in various sports as well. For instance, 
after a 6-week intervention that focused on stretching and plyometrics with over 
1200 male and female subjects, the incidence of knee injuries were 2.4-3.6 times 
higher in untrained athletes compared to trained athletes. 20 
Proprioception  
Other researchers believe proprioception, or the sense of one’s body 
position, should be the main component of prevention programs. One particular 
study used balance board to teach proprioception to semi-professional and 
amateur soccer players. The incidence rate of 300 athletes who completed the 
program was 0.15 injuries per team, while amongst 300 members who did not 
complete the program, the incidence rate was significantly higher (1.15 injuries 
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per team) 21Overall, based on the research, training programs are extremely 
successful in helping prevent ACL injuries.  
 
Options of Treating ACL Injuries  
Despite prevention programs and techniques, ACL tears are still very 
common. After an ACL injury, a major choice ensues: To surgically repair the 
ACL, or to rehabilitate the knee without an operation. While the choice is 
ultimately decided by both the patient and the physician, extensive research has 
been conducted to determine the pros and cons of ACL reconstruction.  
The Case Against ACL Reconstruction  
For example, some researchers believe patients can successfully manage 
a torn ACL without surgery. In one study of 100 patients, neuromuscular 
rehabilitation and modification of activity post injury led the majority of patients to 
be satisfied without surgery. 22 Other authors state that quadricep strength is 
actually greater in non-operative cases. Moreover, knee functionality is 
comparable (between operative and non-operative patients) 18 months after 
injury. For example, in this study, no significant differences were reported in the 
ability to perform a figure eight and a single-leg jump, two common exercises 
used to measure knee functionality. 23 
Some authors also believe that ACL reconstruction does not lead to 
enhanced results. For instance, one study compared 100 high-level athletes with 
half of the subjects being treated conservatively (non-operatively). After a 10-
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year follow-up period, the results show no significant differences in objective and 
subjective functional outcomes such as activity level and meniscal lesions. 13 
Lastly, several researchers often hesitate when treating skeletally immature 
patients. While children are still growing, surgery may disturb growth plates. 24 
Moreover, there are no set guidelines for children with partial ACL tears and as a 
result, non-surgical treatment may be best.  
The Ambiguous Case  
While some researchers conclude that non-operative procedures can be 
successful, there is still a gray area. Determining the necessity of surgery is 
complicated. In general, several authors and physicians believe that patients are 
classified into two groups: “high-risk” patients that should be treated surgically, 
and “low risk groups” that should be treated without surgery. However, 
complications arise when trying to classify high risk and low risk patients. For 
example, “risk is dependent on age, sports activity, and degree of joint 
instability”. 25 Moreover, studies are often not comparable as they differ in sex, 
outcomes, activity level, and degree of injury. 13 Recently, however, the American 
Academy of Orthopedic Surgeons (AAOS) has gathered to create appropriate 
use criteria for ACL injuries. The AAOS evaluated eight treatment options, 
including ACL reconstruction, in 56 different patient scenarios. Next, for each 
situation, a 9-point scale was created to evaluate the appropriateness of each 
treatment. A score of 1-3 indicates “rarely appropriate”, a score of 4-6 indicates 
“may be appropriate” and a score of 7-9 indicates “appropriate”. 18 Even though 
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this scale is helpful, doctors still vary with their interpretations and each situation 
is different.  
ACL Surgery in Kids 
 There is some debate amongst researchers when opting for ACL 
reconstruction in kids. The main argument is that surgery on open growth plates 
can affect the growth of a child. However, others suggest the benefits of surgery 
outweigh the risks. For example, if waiting to have surgery more than 12 weeks, 
kids (classified as anyone 14 years of age or younger) had a “significant increase 
in irreparable medial meniscal tears and lateral compartment chondral injuries” 24 
In another study, granted the sample size was small, only one patient 
returned to pre-injury level of sports following a non-operative treatment.  27 
Overall, the opinion on ACL reconstruction is mixed, however, there is a 
significant portion of literature that strongly suggests ACL reconstruction for 
active patients.  
In Favor of ACL Surgery  
The appropriate use criteria document is a step in the right direction, 
however, there is still ambiguity and the AAOC does not solely focus on the 
choice of “surgery or no surgery”. Despite some situational uncertainty, an 
overwhelming amount of literature supports treatment of ACL injuries surgically. 
If a person wants to return to a normal level of activity with knee stability, ACL 
surgery appears to be the best choice. For instance, one well known doctor 
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claims that ACL reconstruction surgery leads to less meniscal tears and an 
increased level of activity in the future.28 In a technologically advanced world, 
surgeons report good or excellent outcomes in 90% of ACL surgeries. 29 In 
conclusion, the literature suggests ACL is necessary to re-gain knee stability and 
functionality for an active person. 
Graft Choice During ACL Reconstruction  
Once surgery is decided upon, the next component is deciding how to 
best replace the ligament. In general, ACL graft choice can be categorized into 
three different categories; allografts, autografts, and synthetic options. Autografts 
are taken from the patient’s body and common grafts choices include the 
hamstring and the patella tendon. On the other hand, allografts are taken from a 
donor’s body. Synthetic grafts use several different materials including carbon 
fibers, polypropylene, and polyester. 30 Each technique has pros and cons and 
the below sections will further discuss each type of graft.  
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SPECIFIC AIMS 
 
There is a large body of literature on ACL tears. The goal of this paper is 
multifaceted: 
1. To summarize and review previous literature in order to create a simple, yet 
comprehensive overview of ACL injuries.  
2. Review current practices regarding ACL reconstructions and graft choice 
3. To revisit the Quadricep Tendon as a graft and provide an updated literature 
review.    
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CURRENT ACL PRACTICES 
 
 
Tunneling and Fixation Methods  
Before discussing different graft choices, it is important to understand the 
procedure of an ACL surgery. Traditionally, two holes, or tunnels, are drilled (one 
through the femur and one through the tibia) in order to insert the new ACL 
graft.31 Tunnel positioning is very important as incorrect placement may lead to 
incorrect graft positioning. See Figure 3 for a demonstration of bone tunnels. Two 
common bone drilling techniques exist; the inside out and outside in method. 
These techniques refer to the direction of drilling of the femoral bone tunnels. 31 
New literature is constantly being published about surgical techniques, however 
most authors agree that the direction of bone tunneling does not play a 
significant role in the long-term outcome of patients.  31 
 
Figure 3. Demonstration of Bone Tunnels. Bone tunnels can be seen in 
both the distal tibia and proximal femur. Image taken from 32  
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While tunneling methods are well known, a phenomenon called bone 
tunnel enlargement is important to discuss. Bone tunnel enlargement has been 
seen in several radiographs and may be a sign of early graft failure. 33 The exact 
causes of bone tunnel enlargement are unknown, however, improper graft 
placement and accelerated rehabilitation may play a part. Additionally, the body’s 
inflammatory likely has a role. During this response, cytokines are released 
which in turn promote osteoclasts to break down bone. 33 Bone tunnel 
enlargement is a fairly recent phenomenon, thus a limited amount of research 
exists on the subject. Overall, drilling bone tunnels in an important component of 
ACL surgeries.  
Fixation  
After inserting the new graft through the bone tunnels, the ACL must be 
attached and secured in a process called fixation. Historically, fixation occurs at 
two places, the distal tibia and the proximal femur.  As of recently, fixation 
techniques are being completed more distally in soft tissue. Overall, two fixation 
methods exist; direct fixations that occur at the bone and more recent indirect 
fixations which occur in the soft-tissue.32 When fixing the graft, different grafts 
may involve different fixation techniques. For example, some surgeons prefer 
staples, while others use screws or buttons.33 As technology advances, so does 
creativity with fixation methods. For example, ample research has examined the 
success of different fixation devices. One of the most common and strongest 
devices is a screw. However, screws vary in size and length, and some are even 
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bio-degradable. Fixation is very important and new technology allows for better 
fixation techniques.  
Post operation, graft strength is the most important aspect to success and 
weak grafts often lead to re-tears. As a result, the fixation of the graft must be 
secure and the bone tunnels must be placed properly. Mistakes may occur and 
three types of graft motion can be seen. Longitudinal graft motion is often 
nicknamed the “bungee cord effect” while horizontal graft motion is commonly 
termed the “windshield wiper effect”.34 A graphic depiction of these two 
phenomena can be seen in Figure 4. In addition, graft tissue elongation can be 
seen post procedure. All of the effects are important to monitor as they may lead 
to re-tears and graft failure. It takes roughly 12-26 weeks for the graft to heal 
properly, thus, as mentioned earlier, advanced rehabilitation may cause motion 
of the graft.35 It appears that several surgical techniques exist, but, graft fixation 
and tunneling is vital to the success of any surgery.  
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Figure 4. Graft Motion Defects. A depicts the “windshield wiper effect” while B 
depicts the “bungee cord effect.” A refers to transverse motion of BPTB graft in 
the proximal tibial tunnel” and B refers to “longitudinal motion of hamstring grafts 
in the femoral and tibial tunnel.” Text and image taken from33 
 
Autografts 
The Quadriceps Graft  
The quadricep tendon was commonly used as a graft for ACL 
reconstruction in the 1980’s but little follow-up has been done since. 37 One 
advantage of using the quadricep is related to the surgical site. The removal of 
the quadricep damages less nerves and leaves patients with less pain than other 
surgeries. 37 Additionally, the quadricep tendon graft allows for bone healing on 
one end, and soft tissue healing on the other end. The quadricep is also shown 
A B 
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to have less laxity than other grafts and is associated with increased isokinetic 
strength. 37 
Disadvantages of the quadricep graft are related to the lack of literature as 
most surgeons will choose to operate in a more “traditional” manner as it may be 
safer.  
The Hamstring Graft  
The hamstring graft is one of the most common choices amongst patients 
and doctors. The hamstring muscle group contains three muscles, the 
semimembranosus, the semitendinosus, and the biceps femoris, however, the 
majority of grafts only harvest the semitendinosus aspect. 38 Additionally, it is 
common for surgeons to also include the close by gracilis tendon during graft 
harvesting.  While preparing the graft, the tendon is separated into four strands. 
Next, the tendons are usually folded over and stitched together to increase width 
of the graft and allow the graft to act as a cohesive unit. 38The hamstring is often 
used as an ideal graft due to its tensile load strength and stiffness. For instance, 
the hamstring has a tensile strength of over 4,000 Newtons, three times the 
tensile load of a normal ACL. 39 Additionally, the hamstring graft resembles the 
natural ACL in size. A typical ACL has a cross sectional area of 44 mm2 while 
hamstring grafts usually have a cross sectional area around 52 mm2. 39 In 
addition to the appearance and strength of the hamstring, the hamstring is a 
poplar graft choice as it minimized donor site morbidity. 40 Donor site morbidity 
refers to pain and a loss of felling in the location the graft was taken from. 
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Several studies show that the use of a hamstring graft causes only minor donor 
site morbidity in both the short term and the long term. 40   
Some disadvantages also exist with the hamstring graft. For instance, as 
the hamstrings are such a large muscle group, disruption to the muscle group 
may be associated with decreased knee flexion strength after surgery.29 
Additionally, research shows that graft laxity may be greater with a hamstring 
graft than other grafts. 39 Despite the greater laxity, it is important to note the 
difficulty of controlling for surgical technique and fixation method. Overall, the 
hamstring is regarded as one of the best choices for a graft during ACL 
reconstruction.  
The Patella Tendon Graft  
The patella tendon is the most commonly used graft choice and is often 
considered the “golden standard” amongst surgeons and researchers. 39 
Nicknamed Bone Patella Tendon Bone (BTB), the central third of the tendon is 
also used due to its strength and stiffness. It is known to have 168% the strength 
of a normal ACL. 41 Additionally, the graft is popular as there are often few long-
term effects of big muscle groups that help with knee movement. For example, 
one study found 95% of quadricep strength returned after two years. 42More 
importantly, the patella can be harvested with bones on either side of the graft, 
allowing for quicker and more natural healing. 39 The BTB is known to have great 
success rates and positive outcomes. In one well-cited study, only two of 97 
patients had knee instability four years after surgery. 42 The surgical technique 
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used for BTB is similar to the hamstring graft; the graft is fed through the tibial 
tunnel towards the femoral tunnel.  
The major disadvantage when using the BTB graft is donor site morbidity. 
The surgery often causes patella-femoral pain that may exist throughout a 
patient’s lifetime. 43 If kneeling is common in one’s profession, the BTB graft is 
not recommended. Additionally, numbness lateral to the incision is seen in most 
patients as several nerves are cut during the procedure. 43Cosmetically, the BTB 
has a longer incision and the scar deters some from surgery. Lastly, disrupting 
the biomechanics of the patella tendon may be associated with knee extension 
problems. The etiology of the extension problems is not well known; however, 
patella instability may play a role. 43 Overall, while the patella tendon has 
drawbacks such as patella-femoral pain, it is the most popular graft used to 
replace the ACL during surgery.  
 
Allografts 
As with autografts, there are both advantages and disadvantages when 
replacing the ACL with an allograft. From a patient perspective, advantages 
include the lack of donor site morbidity, less post-operative pain, and a smaller 
cosmetic difference. 44 From a surgeon’s point of view, allografts use less 
resources as the operative time is shorter. Also, the size of the graft can be 
manipulated to a perfect fit. 45 On the other hand, disadvantages are common; 
most commonly discussed is the risk of infection. When using another person’s 
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tissue, diseases may be transmitted. For patients, the most worrisome is the risk 
of developing HIV. However, with proper tissue screening techniques the odds of 
being struck by lightning are higher than those of HIV transmission. 45  
Additionally, the recipient’s immune response may cause rejection of the 
new graft. Long term effects of allografts include local bone resorption and a 
slower graft incorporation rate. Despite the disadvantages, some are left with 
little choice. Multiple ACL reconstructions are common (can be up to 25% of 
patients) and secondary revisions almost always utilize allograft tissues. 46 
Popular allograft grafts include the patellar tendon, Achilles tendon and the 
Tibialis anterior/posterior.  
Lastly, the cost of an allograft reconstruction is significantly higher than 
that of an autograft. Despite shorter operational room time, the difference is 
mainly due to the allograft graft itself being more expensive. The reported 
difference was over $1200. 47 
Before discussing different types of allografts, it is necessary to briefly 
mention the preparation of an allograft. Three separate techniques exist. The 
first, deep fresh freezing of the tissue allows the graft to be viable for six 
months.45 Another technique, freeze drying the tissue can allow storage of two 
years. 45Lastly, controlled rate freezing, also known as cryopreservation uses 
specific phases of freezing to best preserve the tissue. 45 Numerous clinical 
studies have compared the differing types of preparation techniques, but, the 
results are not clear. 
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Patellar Tendon as an Allograft  
The patellar tendon, as used in an autograft procedure, is also the most 
commonly used allograft. The same properties of the tendon exist; however, this 
allograft is known to lose up to 50% of its strength, thus a wider patellar tendon is 
often used.  
Tibialis Posterior and Anterior as an Allograft   
The tibialis muscle group is located on the lower leg and in recent years, 
the muscle group is being used as an allograft for ACL reconstruction. The 
Tibialis anterior has been shown to have properties similar to the hamstring 
muscle group. 48 Moreover, the graft is shown to have a greater failure load than 
the hamstrings. 48 There is a shortage of allografts and the Tibialis muscle group 
appears to be a functional substitute.  
However, clinical studies using the Tibialis muscle group have varying 
results. For example, one study found graft failure in 23% of subjects using the 
tibialis anterior.  Furthermore, in the same study, 37% of patients required repeat 
surgery. 49 The authors recommend caution when using this surgery technique.   
Despite the warning, the authors have received much criticism for their 
surgical technique. Critics suggest a double-bundle procedure is more suitable 
than the single loop used in the original paper. Critics also debate the tunnel 
placement and believe it is out of date.50 Lastly, the rehabilitation protocol was 
extremely accelerated and had patients returning to sports four months post-
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operatively while the standard is around six-months.49 Overall, the use of the 
tibialis muscle group as an allograft during ACL reconstruction remains low.  
Achilles Tendon as an Allograft  
The Achilles tendon is another popular graft used in ACL allograft 
reconstruction. The Achilles tendon has been shown to be even stronger than 
that of the patellar tendon. 44 The Achilles has been associated with successful 
outcomes. For instance, one study indicates “good clinical results” in 81% of 
subjects and a 69% ability to return to sports after a mean follow-up period of six 
years. 51 Despite the success of the study, “good clinical results” is vague and 
subjective. Other studies indicate that the Achilles tendon outcomes are merely 
satisfactory and an unexplained tunnel enlargement is concerning. 52 
Synthetic grafts  
Lastly, synthetic grafts have been considered as an option to replace the 
ACL. Theoretically, synthetic grafts eliminate the major downfalls of both 
autografts and allografts; donor site morbidity and the risk of infection, 
respectively. Throughout the last several decades, several different techniques 
have evolved. Synthetic grafts began by braiding together different materials 
such as Dacron, however, they have been prone to breaking and fraying. 53 More 
recently, the Ligament Augmentation Reconstruction System, or LARS, is gaining 
popularity. During ACL tears there is often still remnants and debris of the 
original ligament. LARS aims to augment this tissue as well as provide a new 
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ligament that does not stretch. The new ligament serves as a site for cells, such 
as fibroblasts, to grow and proliferate. 53 
The LARS technique is fairly recent; thus, the success of the graft is up for 
debate. For example, the only consistent finding in several meta-analysis and 
literature review studies is patient satisfaction. 54  On the other hand, 
complications such as a ruptured grafts and knee instability are also present.   .  
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REVISITING THE QUADRICEP TENDON AS A GRAFT  
The quadriceps tendon (QT) is often forgotten about when discussing 
autograft choices for ACL reconstruction. Initially, the quadricep tendon was 
dismissed after a few negative results. For instance, in the 1980’s an article was 
published stating the QT was “weak and at risk for elongation”. 41 A few years 
later, another study was produced that showed postoperative quadricep 
weakness. 55 These two articles were enough to deter surgeons and researchers 
from pursuing the QT as a viable graft for ACL reconstruction.  To this day, a 
limited amount of research exists. For instance, a study in 2010 discovered 
quadricep tendon grafts only account for 2.5% of all ACL Reconstructions.56 
Moreover, when conducting a personal literature review, only a handful of recent 
studies and one meta-analysis discuss using the quadricep tendon at all. 57 
However, the meta-analysis was completed three years ago and several 
important contributions to the filed have been made since then. The quadricep 
tendon appears to be making a resurgence. The goal is to update and expand 
the meta-analysis. Table 1 highlights the major findings of the literature. Overall, 
in the literature, 574 quadricep tendon grafts were used during ACL surgery. A 
positive result after ACL reconstruction surgery is subjective, however, 
researchers usually measure stability outcomes and financial outcomes.
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Table 1: Main Findings of Literature  
 
Author Year of 
Publication 
Study design Study size Months of 
Follow up 
(Minimum) 
Main Findings 
Chen56 2006 Retrospective 
Cohort 
34 48 82% of patients had laxity less than 3 
mm 
 
Normal or near normal IKDC score in 
91% of patients  
 
94% could achieve extensor strength 
to 80% of normal knee or better 
 
Gorschewsky58  2007 Retrospective 
Comparative 
193 24 Normal or near normal IKDC score in 
93% of patients who used pin fixture  
 
Normal or near normal IKDC score in 
85% of patients who used screw 
fixture  
 
Lee59 2007 Prospective Cohort 247 24 Normal or near normal IKDC score in 
88.3% of patients 
 
Mean laxity of 2.4 mm  
 
ROM Full extension (< 3-degree 
deficit) in 97.5% of patients 
 
  
2
8
 
Akoto60  
 
2012 
 
Prospective Cohort 30 12 Mean laxity of 1.6 mm  
 
ROM Full extension (< 3-degree 
deficit) in 96.7% of patients  
 
Normal or near normal IKDC score in 
96.7% of patients  
 
Kohl61 2013 Prospective Cohort 15 49 Normal or near normal IKDC score in 
86.7% of patients 
 
No pain or discomfort in any patients  
 
Mean laxity of 1.4 mm 
 
Schultz62  2013 Prospective Cohort 55 24 Normal or near normal IKDC score in 
65.4 % of patients 
 
Abnormal IKDC score in 630.9 % of 
patients 
 
Mean laxity of 1.8 
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Granted there are relatively few studies, in general, the table suggests 
positive outcomes post quadricep tendon graft. One commonly discussed 
stability outcome is knee laxity. Knee laxity is complex and multifactorial as 
greater laxity is associated with poor tunnel placement, graft strength, stability, 
and OA. Knee laxity is usually tested using the KT-1000 machine. See Figure 5 
for a visual representation of the KT-1000. The machine slowly applies pressure 
to the tibia and measures the position of the tibia relative to the patella. Also, the 
machine is placed on both knees for comparison. A difference of 2-3 mm or more 
is considered a poor outcome. 63 When looking at the six studies in the table, five 
report KT-100 scores. Four studies report a mean laxity difference less than 3 
mm and one study reports 82% of patients had laxity differences less than 3 mm. 
Overall, in terms of stability, the quadricep tendon appears to have satisfactory 
results.  
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Figure 5. The KT-1000. The device is centered over the patella, with two straps 
around the tibia providing stability. Two probes extend to the anterior patella and 
proximal tibia, recording the tibial position relative to the patella. Text and image 
taken from63 
Functional outcomes are more controversial as a functional knee depends 
on the patient; some patients may want to return to competitive sports, some 
may just want to walk down stairs normally. One of the best ways to measure 
functionality is through the IKDC. IKDC, or the International Knee Documentation 
Committee Questionnaire, is one of the most popular patient reported outcome 
measures used when studying the knee. In the late 1980’s a group of surgeons 
founded the committee and standardized patient reports. The questionnaire is 
patient friendly as it is only 10 questions and can be found in almost any 
language. The questionnaire looks at three specific categories; symptoms, sports 
activity, and knee function. The questions include a numbered rating scale as 
well as multiple choice questions. The responses are recorded and an immediate 
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score (ranging from 0-100, 100 being the highest) is released where a score of 
90-100 is considered normal and 80-89 is considered near normal. 64 While the 
IKDC test is subjective, it has proven to be valid and is even endorsed by the 
American Orthopedic Society for Sports Medicine. 65 
In the literature found in Table 1, IKDC scores are commonly used. In five 
of the six studies, 85% of patients (or more) had a normal or near normal IKDC 
scores. Overall the IKDC scores when using a quadricep tendon indicate 
favorable results. In summary, the quadricep tendon is associated with both a 
stable and functional knee.  
Comparing Quadricep Tendon Graft to Patella Tendon Graft   
As BTB is often considered the “gold standard” of ACL grafts, it is vital to 
compare the quadricep tendon to the patella tendon. Once again, there are 
relatively few studies comparing the literature, however, Table 2 presents the 
main findings. Overall, the findings are positive for the success of the QT. For 
example, three studies look at knee stability by using the KT-1000 (and KT-
2000). Two of the three papers report no statistical difference between laxity in 
QT and BTB grafts, however, one study showed a significant difference (laxity < 
3mm QTPB = 66.6%, BPTB = 72%). More interestingly, 23.6% and 29.9% of 
QTB and BPTB subjects had a knee laxity between 3-5 mm, respectively. As 3 
mm is often the cutoff for a failed graft, this is noteworthy.  
Also of note in the literature review are the IKDC scores. Despite very 
different mean scores, studies by Kim et al. and Lund et al. show no significant 
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differences in IDK scores. 66,67 On the contrary, Gorschewshy et al. 58 shows 
drastic differences between graft types. For example, in the QTB only 11% of 
subjects scored a “normal” knee while 66% of BPTB subjects reported normal. 
Even though the number of “normal” knees is quite low, 72% of subjects had 
“near normal knees, indicating the surgery may still be successful. More 
importantly, several studies determined patient satisfaction was similar between 
Quadricep and Hamstring groups. Both Lund et al66 and Gorschewsky58 et al 
report significantly less knee pain and donor site morbidity in the QTB groups 
while Han et al67 finds no significant difference in patient satisfaction. 
Gorchewsky58 also shows no significant differences. (See Figure 4) While QT 
grafts were originally suggested for patients if lots of kneeling was required, 
recent research shows the QT graft is an excellent graft overall.  
Another common misconception is that the quadricep muscles becomes 
significantly weaker post-surgery. However, one study finds that six months after 
surgery, there was less of a deficit in limb strength in QT patients compared to 
HT patients. The most recent study compares BTB and QT compares post-
mortem grafts. The study finds the biomechanical properties of the QT are 
significantly better than the QT. For instance, the cross-sectional area and mean 
stiffness of the QT is almost double that of the HT. Additionally, the ultimate load 
to failure was significantly higher in QT grafts. 
 
   
Table 2. Literature findings comparing QT to BTB 
 
Author Year of 
Publication 
Study design Study size Main Findings 
Pigozzi 2004 Randomized 
Control Trial 
24 QTB 
24 BTB 
Less lower limb strength deficit using QT at 6 
months post-surgery 
Gorschewsky58  2007 Retrospective 
Comparative 
93 QTB 
101 BTB 
IKDC: QTB: 11% normal, 72% near normal 
IKDC BPTB: 66% normal, 31% nearly normal 
 
Significantly less donor site morbidity in QTB 
Han67 2008 Retrospective 
Comparative 
72 QTB  
72 BTB 
KT 1000 test showed the following:  
Less than 3mm: QTPB = 66.6%, BPTB = 72% 
3-5mm: QTPB = 23.6%, BPTB = 29.9% 
 
No significant differences in satisfaction, stability 
and function.  
Kim65  
 
2009 
 
Retrospective 
Comparative 
21 QTB  
27 BTB 
No significant differences in Knee laxity KT 2000 
(mean of 2.79 mm QTB and 2.73 mm BPTB) 
 
No significant differences in IKDC.  
Score of A or B in 85.7% QTB and 85.2% in 
BPTB  
Lund66 2014 Randomized 
Control Trial  
26 QTB  
25 BTB 
No significant differences in Knee laxity KT 1000 
(mean of 1.1 mm QTB and 0.8 mm BPTB)  
  
No significant differences in IKDC Score (mean 
75 QTB and mean 76 BPTB)  
 
Less anterior knee pain in QTB group  
3
3
 
   
 
Shani69  
 
 
2016 Retrospective 
Comparative 
12 QTB 
11 BTB 
Cross sectional area of QT is almost double that 
of BPTB  
Ultimate load to failure test was significantly 
higher in QT  
 
3
4
 
 35 
 
 Comparing Quadricep Tendon Graft to Hamstring Tendon Graft  
As mentioned earlier, the hamstring tendon (HT) is also a ubiquitous graft 
choice during ACL reconstruction. Studies comparing the QT to the HT are very 
recent, with the first starting in 2013. A summary of the findings can be Seen in 
Table 3. The initial study conducted by Sofu et al70 showed 23 QT subjects with a 
mean KT-1000 laxity difference of 5.65 mm and 52% of subjects had a laxity over 
3mm. More recently, other studies have contradicted the results by Sofu. In a 
larger sample size, Lee et al59 shows a maximum KT-2000 difference of 2.1mm 
in QT subjects and 1.9mm in HT subjects. Cavaignac et al37 finding complement 
those of Lee and show a mean KT-1000 laxity difference of 1.1 mm and a HT 
mean laxity difference of 2.1 mm.  
As with the BTB graft, muscle strength is a strong indication of recovery. 
Of the four studies that compare QT and HT, two discuss strength. Cavaignac et 
al37 finds no difference in terms of isokinetic strength while Lee et all uses a more 
in-depth analysis. Lee et al59 finds recovered extensor muscle to be the same in 
QT and HT patients; however, recovered flexor muscle is significantly better 
amongst QT patients. Lastly, patient reported outcomes must be analyzed. In an 
extremely recent publication, Runner et al71 discovers no significant differences in 
patient reported outcomes. Specifically, 92.5% of QT patients reported “good or 
excellent” outcomes and only 76.5% of HT patients reported “good or excellent 
outcomes.”
  
Table 3. Literature findings comparing QT to HT 
 
Author Year of 
Publication 
Study design Study size Main Findings 
Sofu70 2013 Retrospective 
Comparative 
23 QTB 
21 HT 
QT mean laxity difference of 5.65 mm  
HT mean laxity difference of 3.67 mm  
 
52% of QT patients had laxity over 3mm 
Lee59 2015 Retrospective 
Cohort 
48 QTB 
48 DBHT 
Recovered Extensor muscle was the same in 
QT and DBHT 
Recovered Flexor muscles was better in QT  
 
Maximum KT-200 difference was 2.1mm QT 
and 1.9mm HT  
Cavaignac37 2017 Retrospective 
Comparative 
45 QT 
41 HT 
QT mean laxity difference of 1.1 mm  
HT mean laxity difference of 2.1 mm 
.  
Runner71 2018  
 
Retrospective 
Comparison 
40 QT 
40 HT 
No Significant difference in PRO 
92.5% QT reported good or excellent 
outcomes  
87.5% HT reported good or excellent 
outcomes  
 
 
 
3
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Limitations of the QT Literature  
While initial literature suggests positive results, a serious shortage of 
literature exists on the QT. For instance, only 10 comparison studies exist while 
thousands of papers examine the differences between HT and BTB grafts. 
Further, the literature is difficult to compare. As mentioned above, surgical 
technique is extremely important to the outcome, yet the studies mentioned in the 
tables use different techniques and different fixation methods. Moreover, several 
of the outcomes reported are subjective. For example, a “good” patient reported 
outcome likely varies between studies.  Lastly, observer bias may be present as 
most of the studies were not blinded or randomized controlled trials. The 
limitations of current research highlight the need for future research. 
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CONCLUSION AND FUTURE RESEARCH 
 
In summary, literature surrounding the anterior cruciate ligament is 
incredibly diverse. When examining etiology of ACL injuries, the literature is also 
complex and environmental factors such as playing surface and cleat type play 
new-found and important roles. As the mechanism of injury becomes more well 
known, a shift towards prevention strategies is necessary.  
After describing ACL tears and the associated reconstruction surgery, 
several grafts including portions of the patella tendon and the hamstring tendon 
appear as optimal choices. Recent advances in tunneling and fixation has 
allowed for several other graft choices to be considered. After analyzing the 
literature on ACL grafts, there is currently a lack of knowledge on the quadriceps 
tendon. Few studies have been conducted, however, initial research suggests 
that the QT is associated with positive results. For instance, when comparing the 
literature of the QT graft to the “gold standard” BTB graft, the quadricep holds its 
own in and may even be better in terms of stability, function, and strength. On the 
other hand, some research indicates the QT may be associated with a larger 
degree of knee laxity. More research is needed in order to create generalizable 
data.  
The future of ACL reconstruction surgery is everchanging. Research is 
beginning to shift to focus on prevention strategies, and in an industry of rapidly 
rising healthcare costs, the idea of prevention is welcoming and appreciated. 
Discovering new graft options and exploring different surgical techniques and 
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fixation methods will ultimately lead to more efficient procedures that decrease 
the rehabilitation time for patients.  
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